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Abstract 
This dissertation was written as part of the MSc in Energy Law, Business, Regulation 
and Policy at the International Hellenic University.  
 
This dissertation deals with the “Energy Union Strategy”, which includes the central 
pillars of action of the European Union and the European Commission to address key 
issues in the field of energy and climate change. The whole development of the project 
evolves around five dimensions, which are interdependent and complementary. The 
basic principles of this plan are energy security, the integration of electricity markets, 
the energy efficiency of a wide range of activities, the decarbonization of electricity 
generation and the shift to renewable and alternative energy sources through 
innovative and competitive processes having as an ultimate goal reducing greenhouse 
gas emissions and mitigating global climate change. Certain targets have been set to 
be reached by 2030 so that by 2050 a green, circular and zero-emission economy to be 
achieved in Europe.  
In this context, the main strategies to achieve these goals are presented. As it is a 
multidimensional issue, it is not possible to develop the whole action plan. The effort is 
to focus on the key points and make an analysis of how they are implemented, the 
actions taken and the consequences on EU Member States. 
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Introduction 
One of the most ambitious, reformist and most discussed plans of the European Union 
is the “Energy Union Package”, which has launched on February of 2015 [10]. The goal 
of this policy project is to make the European Union, to the extent possible, 
independent as far as concerns the energy supply through a sustainable and 
environmentally-friendly process, having an ambitious climate policy at its core, 
providing to its domestic consumers secure, sustainable, competitive and affordable 
energy. 
 The Energy Union Strategy focuses on five dimensions, closely interrelated and 
mutually reinforcing, which are the cornerstones of the development and achievement 
of this project. These dimensions are: a) energy security, solidarity and trust, b) a fully-
integrated internal energy market, c) energy efficiency contributing to moderation of 
demand, d) decarbonization of the economy and e) research, innovation and 
competitiveness. All these elements will contribute towards a low-carbon, secure and 
competitive European energy system and economy (Picture 1). 
  
 
Picture 1: The five dimensions of the Energy Union Package [8]. 
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The goals of this project is to strengthen the cooperation of Member States 
(MS) on mutual energy exchange through integrated energy markets over the entire 
European Union, where the energy will flow freely across borders, based on 
competition and providing for an optimal use of resources in order to achieve 
sustainable, low carbon and climate friendly economy. This can be achieved by 
establishing an effective regulation, providing innovative and competitive companies 
with the necessary tools to develop the technology needed by means of financial 
mechanisms also supporting European labor force and possible investors. Regulators 
want also to promote the active participation of consumers in the energy transition, in 
order to benefit from it and reduce their bills without, however, neglecting the 
vulnerable ones.  For achieving all the above the economy must be driven away from 
outdated technologies, to provide consumers with free access to information and to 
create flexibility on demand as well as supply management [10]. 
After the end of World War II, Europe attempted to enhance the growth of the 
economies and provide stability to European countries through coordinated 
investments in coal and steel industry - although leading to imbalanced development 
between them - laying the foundations for the creation of the European Communities, 
later on the EEC and, eventually, the European Union (EU) [58]. But the energy sector 
was left behind, revealing the big problem of the lack of energy security and 
dependence on energy imports in the 1960s. That was the consequence of the 
degradation of the importance of coal in relation to oil and natural gas and the lack of 
intention to discover new energy sources [56].  
A Community-wide energy policy became an explicit goal of the Council as early 
as 1964. In 1968, the lack of integration in the energy sector was a ‘dangerous trend’, 
even though the period up to 1972 was characterized by low prices of fossil fuels in 
combination with enough availability. This could be changed only through a 
‘Community energy policy, fully integrating the energy sector into the common 
market’ and counterbalancing ‘risks arising from the great dependence of the MS on 
imports and from insufficient diversification of the sources of supply’ [9], proposals 
very similar to the views currently prevailing in the European Union policy [63].  
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In 1973, the oil “crisis” brought up the major question on the adequacy of 
energy supply, giving the opportunity to the European regulators to overcome 
potential interruptions. However, the policymaking did not escape the 
intragovernmental approach, ending up in solutions concerning each MS individually 
rather than the European Community as a whole. 
The liberalization process in the electricity and natural gas sectors that began in 
the 1990s brought drastic changes. Until then, monopolies and oligopolies were 
dominant in each MS resulting in negative consequences for the consumers, such as 
high prices and lack of investments. The Commission declared the principle for 
cooperation in trade, transit, dispute settlements and investments in energy sector 
through policies such as the Energy Charter Treaty (ECT) (1994), having international 
validity as it has been signed by 54 countries and economical organizations. The First 
Energy Package was adopted in electricity (96/92/EC) and gas (98/30/EC), setting 
common rules for the internal market, providing for third-party access the network, 
decoupling trading of electricity and gas from their physical availability in a particular 
network and establishing functional separation of generation and supply from 
transmission and distribution.   
The Second Energy Package (2003/54/EC) led to further legal unbundling of the 
energy-related functions, introducing strengthened provisions for the separation of 
the transmission and distribution and establishing the National Energy Regulators 
(NRAs). The main initiatives were the enhancement of competitiveness guaranteeing 
fair prices for consumers and improvement of the quality of services, the 
establishment of rules on public service obligations, the improvement of 
interconnections and the enhancement of security of supply. The breakthrough 
contained in it was the protection of consumers’ interests, by enabling both 
commercial and residential customers to freely choose their supplier. Unfortunately, 
the lack of a concrete regulatory framework, especially in the market of renewable 
energy, as well as the incorrect implementation of the existing rules by public and 
private companies hampered progress and investments [69].  
Nevertheless, the reforms introduced by the first two directives did not lead to 
the intended cross-border integration and harmonization of the rules applied in the 
individual EU member states. No common legal framework and rules existed for the 
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energy markets. Europe was still dependent on external supply of natural gas and oil 
from Russia, this situation being exacerbated by the enlargement of EU of 2004 and 
2007. An increase in EU energy imports and fossil fuel prices accompanied with gas 
supply disruptions in 2006 and 2009, were the impetus for the Commission to develop 
the idea of a supranational ‘solution’ to the emerging ‘problem’ of energy insecurity; 
that both more reasonable pricing and reliable supplies could be achieved through an 
internal EU gas and energy market, supplied by more diversified sources of gas [63, 
51]. 
This situation was addressed through the measures adopted as part of the 
Third Energy Package (2009/72/EC) providing binding legal provisions that would leave 
no room for differences in the implementation by the MS. The core of this Directive 
was the ownership unbundling of activities (production and supply versus transmission 
and distribution) for the promotion of competition. Also, the compulsory regional and 
bilateral solidarity and cooperation between MS through interconnections for the 
purpose of ensuring the security of supply was introduced. In that context, the ACER 
(Agency for the Cooperation of Energy Regulators) and ENTSO-E (European Network of 
Transmission System Operators) were established along with network codes setting 
the rules concerning the management of electricity in view of gradually developing a 
common market. The package set three key targets: 20% cut in greenhouse gas 
emissions (as compared to the 1990 levels), 20% of EU energy generation from 
renewables, 20% improvement in energy efficiency [51, 67, 63]. 
The idea of increasing Europeanisation was strengthened with the introduction 
of the Treaty of Lisbon in 2009, setting the promotion of energy-markets, security of 
supply and efficiency as primary goals of the EU [56]. Energy policy is no longer a 
matter of the exclusive concern of national administrations, as EU institutions play an 
increasingly decisive, regulatory role. The mandate for dealing with energy is 
transferred to the Commission by virtue of its expertise, the MS being stripped off 
their possibility to deviate from the barebones of the central European policy. 
However, trade-offs of MS linked to the energy policy triangle and the matching policy 
areas, i.e. between internal market, external relations and environmental/climate 
protection were still possible [53, 63, 73].  
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In 2010, a proposal of “European Energy Community” was introduced by J. 
Delors and J. Buzek with a view to strengthen the political, economic, environmental 
and social sustainability of European integration. The notion of an “energy union” re-
entered the debate in March 2014 by the Polish Prime Minister Donald Tusk. Tusk’s 
proposal place specific stress on the exploitation of domestic fossil fuels (coal, oil and 
gas) and therefore the creation of a joint European gas purchasing authority. Within 
the following ten months, however, the European Commission for the most part 
reframed and developed Tusk’s initial proposal. The “energy union” was shortly taken 
by different high-profile European policymakers. The incoming Commission President 
Jean-Claude Juncker placed “a new European Energy Union” on the highest of his 
agenda. He emphasized on the requirement to pool resources, mix infrastructures, 
unite bargaining power, diversify energy sources, reduce energy dependency of many 
vulnerable states and strengthen the share of renewable energy sources, in terms of 
combined climate and industrial policy [71,72]. 
After more than two years of preparatory talk and analysis, one the EU’s most 
important policy projects – the “Energy Union” – has been given clearer shape by the 
Commission. The long-awaited proposals for a reform to the governance of energy and 
climate policies between the EU and its member states, new rules for electricity 
market, renewable energies and energy efficiency complement what has been 
proposed so far on climate policy and security of natural gas supplies [53]. The EU 
launched its Energy Union Package, a Framework Strategy ‘with a forward-looking 
climate change policy’, built around five priority areas highly integrated [52]. The key 
targets eventually adopted were: at least 40% cut in GHG emissions (from 1990 levels), 
32% share of EU energy from renewables, 32.5% improvement in energy efficiency and 
at least the 15% of EU to be interconnected (Picture 2). 
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Picture 2: The key targets of ‘Energy Union Strategy’ in contrast to the key targets of 
the Third Energy Package [65]. 
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1.  Energy security, solidarity and trust 
It is the first important and very much desired dimension of the “Energy Union 
Strategy” hoping to result in the diversification of Europe’s energy sources and the 
enhancement of solidarity and cooperation between EU countries. 
1.1   Definition of energy security 
Energy security is a critical factor for the development and economic growth of 
communities and is of great concern for both developed and developing countries. 
Searching literature, no unique and clear definition for it can be found as a lot of 
dynamic and changeable dimensions are involved, including the availability of energy 
sources, the technological evolution, the geopolitical factors, the environmental and 
social issues [1]. 
 Unquestionably, energy security is a matter of national security and policy 
makers need to be able to derive effective decisions for their countries [55]. An energy 
trilemma is focused on the three major dimensions that are highly interconnected and 
overlapping. Those are the physical availability and accessibility of primary energy 
sources, their economic affordability and their long-term environmental sustainability 
(Picture 3). These objectives are the core of the European directives on this dimension.  
      
Picture 3: Energy security and the energy trilemma [1]. 
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1.2   Diversification of energy supply sources and routes 
Two important initiatives were the turning point from which the EU decided to change 
its attitude towards the supply sources and routes. Before those, the large MS were 
responsible for safeguarding their own supplies. The first one was the two gas crises of 
2006 and 2009 and the second was the enlargement of the EU during the period 2004-
2007. A dispute between Ukraine and Russia on gas prices and the verification of the 
correct amount of gas deliveries to Ukraine and Europe via a pipeline resulted in the 
dramatic downfall of gas deliveries to Europe and the emergency shut-down of gas-
fired power plants [54]. The enlargement due to the highly energy dependency of the 
new members on Russia for the supply of gas [61] increased the overall European 
dependency on gas import. The degree of dependency varied between the MS. For 
example, in 2007 several countries were between 78-100% dependent on Russia for 
their gas consumption and several NMS relied on Russian gas for approximately one 
third of their total primary energy usage in 2008 (compared to the EU average of 8%) 
[63]. 
The numbers speak for themselves. The production of primary energy within 
the EU-28, amounting to 767 million toe (tonnes of oil equivalent) in 2015 (Picture 4), 
heavily contributed to the exhaustion of raw materials supplies and to uneconomical 
exploitation of limited resources. Thus, the dependency on energy imports soared 
from slightly more than 40% of the European gross energy consumption in 1990 to 
reach 54.0 % by 2015. The net imports of energy were greater than its primary 
production, reaching the highest recorded rates for crude oil (88.8 %) and natural gas 
(69.1 %). In the decade 2005-2015, the EU’s dependency on non-member countries for 
the supply of natural gas grew by 12% (Picture 5), faster than the growth in 
dependency for crude oil (6.4%) and solid fuels (3.4%) (Picture 6) [49]. 
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Picture 4: Production of primary energy of EU-28 in 2015 (% of total, based on tonnes 
of oil equivalent) [49]. 
 
 
Picture 5: Energy dependency rate of EU-28 in the period 2005-2015 (% of net imports 
in gross inland consumption and bunkers, based on tonnes of oil equivalent) [49]. 
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Picture 6: Energy dependency rate for all products comparing 2005 and 2015 (% of net 
imports in gross inland consumption and bunkers, based on tonnes of oil equivalent) 
[49]. 
 
In order to overcome the vulnerability to external energy shocks EU decided to 
reduce the dependency on energy imports by integrating the internal energy markets 
as well as seeking a more efficient use of energy. These can be achieved through the 
enhancement of transparency and the trust and solidarity between the MS [77].  
1.2.1 Secure gas supplies 
The diversification in gas supplies is the most important project of the EU in order to 
overcome the dependency of only one supplier and to secure the availability of 
adequate quantities in affordable and competitive prices at any given moment for 
both companies and citizens. The efforts to secure the adequacy of gas supplies 
started with the Regulation (EU) 2017/1938, in which the potential dangers and risks 
were described, the importance of the existence of an internal market by means of 
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interconnected gas grids was emphasized and the solidarity and trusts among the MS 
was boosted.   
The “Southern Gas Corridor”, meant to carry gas from the Caspian Sea, the 
Central Asia, the Middle East and the Eastern Mediterranean Basin to the EU (Picture 
7), was one of the main projects for the expansion of gas-transport infrastructure [74]. 
The second major project was the creation of a Mediterranean LNG gas hub in the 
South of Europe, taking advantage of its strategic geographical position. The LNG has 
many advantages as compared to pipeline gas, thanks to its ability to be stored in high 
quantities and used whenever needed, also as back-up in gas supply during a gas 
supply crisis. While the prices of LNG are -usually- higher as compared to those of 
pipeline gas because of the high liquefaction, regasification and transportation costs, 
the relevant EU regulatory framework (COM(2016) 49 final) along with the recent 
technological developments concerning shale-gas extraction and long-distance LNG 
transport supporting the gradual globalization of the LNG markets, have heavily 
contributed towards enhancing the competitiveness of LNG. 
Picture 7: The route and the three pipelines of the Southern Gas Corridor [3]. 
 
Except for these major projects, smaller ones -though with great importance as 
well, are designed for the improvement of infrastructure. Several gas pipelines have 
been designed to make the gas transport to all EU member states easier and safer. Gas 
interconnections in Western Europe running from the North to the South, 
interconnections in Central Eastern and South Eastern Europe, the Baltic Energy 
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Market Interconnection Plan, ending the isolation of the three Baltic States and 
Finland, are some of the projects that are underway, just to name a few [19].  
1.2.2   Security of electricity supply 
In order to maintain the security of electricity supply across the whole EU, a 
well-functioning network must be developed. That is the reason why the regulatory 
framework around the power grid and the interconnections between the countries has 
been of great importance and a lot of attention is being paid to it. The scope of a safe 
grid is to provide energy to all citizens, primarily the vulnerable ones, and, to the 
extent possible, interconnect every isolated system, providing adequate and cost-
effective generation capacity and flexibility for the benefit of both the consumers and 
the financial profitability of the participants in the electricity markets. A specific 
minimum interconnection target has been set for electricity at 10% of installed 
electricity production capacity of the MS, which should be achieved by 2020 with the 
ambition of increasing it to 15% by 2030. 
The Commission, in close collaboration with ACER and ENTSO-E, has already 
adopted and updated/amended guidelines for network codes. An important 
Regulation is the (EU) 2016/631 establishing guidelines on the requirements for the 
connection of new power generating installations to national electricity networks. 
Regulation (EU) 2016/1388 establishes a network code on demand connection (DCC) 
setting out detailed rules relating to the connection of, principally, new demand 
facilities to national electricity networks. The Regulation (EU) 2016/1447 concerns the 
requirements for grid connection of high-voltage direct current systems and direct 
current-connected power park modules (HVDC). The Regulation (EU) 2017/1485 
establishes a guideline on electricity transmission system operation (SO), providing for 
the secure operation of the interconnected transmission system in real time. The 
Regulation (EU) 2017/2196 establishes a network code on rules relating to the 
management of the electricity transmission system in the cases of emergency and 
blackout, focusing on the restoration of the normal operation of the system. Within 
the context of promoting solidarity between MS while maintaining the transparency of 
the operation of both the markets and the system, the Regulation (EU) 2019/941 on 
risk-preparedness in the electricity sector requires the MS to cooperate with each 
  -13- 
other to ensure that, in the case of crisis, the electricity goes where it is most needed, 
assessing short term and seasonal adequacy between generation and consumption in 
order to preserve the stability of the grid and minimize shortages.  
1.2.3   Security of oil supply 
Oil accounts for nearly 35% of the EU's energy mix. Beneath the Directive on Safety of 
Offshore Oil and Gas Operations (2013/30/EU), a group of rules is in situ to assist 
forestall accidents furthermore on respond promptly and expeditiously to issues 
encountered throughout exploration or production, as well as  environmental 
problems, particularly damages caused to protected marine species and natural 
habitats for that firms are totally liable.  
However, in sight of the energy demand, EU countries are still heavily 
dependent on imports of crude oil and petroleum products. The oil markets are utterly 
liberalized at a global scale, thus interventions through the European regulatory 
framework are quite restricted, principally regarding the duty of MS to take care of 
emergency stocks to be employed in the event of supply disruptions. 
In particular, Directive 2009/119/EC provides for obligatory emergency oil 
stocks to be maintained by MS, such as a minimum of 90 days of their annual net 
imports or 61 days of their annual consumption, whichever is higher. Whereas the 
duty for keeping emergency stock is born by the importing companies, there is a 
significantly liquid marketplace for trading stock obligations; moreover, the MS have 
the proper to supply services regarding obligatory oil stock maintenance through 
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2. Fully integrated internal energy market 
The second dimension of the “Energy Union Strategy” concerns the supply of secure 
and affordable energy supplies to all EU citizens. This can be achieved through 
promoting competition within the context of a unique energy market across the EU, 
also providing the consumers to change with the right to choose their energy suppliers 
freely and without any barriers. 
2.1  Market coupling 
The term “Market Coupling” describes a major pillar of the EU’s energy policy. The aim 
of the EU is to form an interconnected European market for electricity through the 
optimization of the use of the interconnector capacity between countries or bidding 
zones, matching supply and demand of electricity between players not only within 
bidding zones, but also across the entire coupled area through implicit auctions 
resulting in reduction of price differences and ending up with energy flowing from low-
price areas to high-price ones. 
The integration of energy market cannot be achieved unless the electricity 
markets are not fully liberalized. The Directive 2009/72/EC, obliging the formerly state-
owned electricity companies to separate the unbundle generation and supply 
activities, initially from an accounting point of view and later on operationally as well, 
led to the gradual, full liberalization of the markets. Further stricter provisions of the 
competition law have led to the creation of national internal electricity markets. The 
market integration can be achieved through the coupling of national markets, 
promoting free energy trading among MS and, eventually, across the EU. 
The energy markets’ integration started in the ‘90s in the Scandinavian 
countries. Currently, to the extent that the available capacity of interconnections can 
support it, energy coupling is extending through most of continental Europe, including 
Great Britain and Ireland.  On 15.12.2020, in the context of the MRC (Multi-Regional 
Coupling project), coupling in the Greek and Italian markets through the Greek-Italian 
interconnector started. Coupling of the “4M” countries (Hungary, Romania, Slovakia, 
Czech Republic) countries and Poland in Q2 2021 is also foreseen (Picture 8). 
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The existence of interconnections of adequate capacity across Europe is a 
priority of the EU, supported by numerous, European funded “Projects of Common 
Interest” (PCIs). Maximizing the availability of interconnecting capacity to the markets -
thus, minimizing the capacity withheld by the Transmission Systems Operators (TSOs) 
for system security purposes- is also at the center of the European policy priorities. 
 
Picture 8: The countries that EUPHEMIA is going to cover by the end of 2021 [6]. 
2.2  Market and trading guidelines 
In 2015, the European Commission established the CACM Guideline (Capacity 
Allocation & Congestion Management - Regulation (EU) 2015/1222), which is the 
cornerstone of a European single market for electricity. The Regulation sets out the 
methods for calculating the capacity available to market participants cross border 
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interconnections without negatively affecting the security of the system, promoting 
competition as well as integration of generation from renewables’ energy sources. The 
term “Nominated Electricity Market Operator” (NEMO), i.e. the legal entity responsible 
for the operation of the electricity market in each bidding zone, was also introduced by 
CACM. The NEMOs are also the entities participating in market coupling per bid zone 
for their area of responsibility.  
Two mechanisms were also introduced:  
The single day-ahead coupling mechanism (SDAC) refers to setting a correlative 
electricity price with the cross zonal capacity allocation, restricted solely by the 
electricity grid constraints. The most drawback related to this mechanism is resolved 
with the introduction of EUPHEMIA (Pan-European Hybrid Electricity Market 
Integration Algorithm), striving to maximize the welfare (i.e. consumer surplus + 
producer surplus + congestion rent across the regions) and the power flows, the latter, 
however, being subject to the restrictions obligatory by the capacity of the relevant 
networks. The main goals of the Euphemia algorithm include achieving lower costs for 
the consumers, promoting the competition in wholesale and retail markets, using the 
interconnections between countries in the most efficient way, providing opportunities 
to the market participants, fulfilling the legal and technical obligations of each country 
and securing the supply on both technical and economic terms.  
The single intra-day coupling mechanism (SIDC) is the continuous process of 
matching sell/buy orders and allocated cross-zonal capacity simultaneously for 
different bidding zones. 
Also, very important for the integration of the electricity market is Regulation 
(EU) 2017/2195, establishing common rules for the balancing market. The Regulation 
pursues the objective of ensuring the optimal management and coordinated operation 
of the European electricity transmission system, while supporting the achievement of 
the Union's targets for penetration of renewable generation, also providing benefits 
for consumers. The general objective of imbalance settlement is to ensure that parties 
with balancing responsibility do support the system's balancing needs in a cost-
efficient way and to incentivize market participants in keeping and/or helping to 
restore the system balance on a non-discriminatory, fair, objective and transparent 
basis.  
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The above Regulations have been strengthened and enforced by the 
establishment of the common rules on the internal electricity market. Regulation (EU) 
2019/943 sets rules to ensure the functioning of the internal market for electricity and 
includes requirements related to the deployment of renewable forms of energy and 
environmental policy, as well as a threshold for CO2 emissions of new generation 
capacity where such capacity benefits from temporary measures to ensure the 
necessary level of resource adequacy, namely, capacity mechanisms. The prices should 
indicate when electricity is needed, thereby providing market-based incentives for 
investments into flexibility sources such as flexible generation, interconnection, 
demand response or energy storage, through effective scarcity pricing without caps. 
The objective is the implementation of an "Energy Only Market" throughout Europe, 
thus removing subsidies and the avoidance of jeopardizing the possibility to secure 
reliable and stable prices to final customers, small and medium-sized enterprises 
(SMEs) and industrial customers [47]. Market abusive behaviors will be punished if 
they are not compliant with the rules with the exemption of small producers with no 
real ability to distort the market.  
2.3  Protecting energy consumers 
Consumers are at the center of the EU’s energy policy. While electricity is a 
commodity, it is also a public good that everyone must have access to. In that context, 
a wide range of initiatives has been adopted making the consumers an active part of 
the clean energy transition and helping them save more money and energy [20]. 
The Directive on common rules for the internal market for electricity ((EU) 
2019/944) enables the active participation of consumers in the electricity market, 
guarantees their right to an electricity connection and the free choice of their 
electricity and gas suppliers as well as their right to switch to other supplier without 
extra charges. The consumers’ right of access to accurate information on the 
consumption data as well as the data used for billing purposes and the free-of-charge 
access to at least one energy comparison tool allowing them to find the best deal in 
the market for the purpose of better controlling their costs are also among the major 
provisions of the European legislation for the protection of the customers. The 
acceleration of the deployment of smart metering, combined with contracts providing 
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dynamic electricity pricing, as well as contracts providing the consumers with the 
ability to consume, store and sell self-generated electricity to the market, thus 
introducing the notion of the “prosumer”, who can actively participate in the market, 
either individually or through aggregators, are also among the important innovative 
points of the current European legislation concerning the electricity markets. Said 
provisions provide flexibility to the system, remove disproportionate fees and 
administrative burdens for self-consumed electricity while ensuring that all types of 
consumers and prosumers contribute their fair share to the system costs.  
It gives the incentives for the formation of energy communities aiming to 
facilitate the uptake of new technologies and consumption patterns, including smart 
distribution grids and demand response, in an integrated manner. They can also 
advance energy efficiency at household level and help fight energy poverty through 
reduced consumption and lower supply tariffs. They can operate on the market as 
players with the same rights and obligations as the other electricity undertakings 
without distorting competition and the rights and obligations applicable to the other 
electricity undertakings on the market should be applied to citizen energy 
communities in a non-discriminatory and proportionate manner [48]. 
The new Directive attributes high importance to fighting energy poverty. The 
MS must develop appropriate frameworks to protect the vulnerable customers in an 
effort to reduce their number. Low income, high expenditure on energy, and poor 
energy efficiency of homes are the most relevant factors in establishing criteria for the 
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3. Energy efficiency 
Improving the efficiency of using the available energy sources is the third dimension of 
the project “Clean Energy for all”, on which the EU pays very much attention and 
anticipates remarkable results from the adoption of the proposed measures. 
3.1    Energy Efficiency Directives 
Energy efficiency means obtaining the same result from an activity using less energy. 
Improving the energy efficiency will have positive effects in more than one way, apart 
from the apparent cost savings for purchasing energy. Energy efficiency improvement 
has the ability to replace or avoid the consumption of actual fuels with additional 
benefits such as reduced impact on climate change thanks to the reduction of 
emissions and air pollution, improved health, improved energy security as a result of 
the reduction of demand and, consequently, improvement of energy adequacy, 
reduction of the price risk for energy consumers,  reduction of the dependence on 
energy imports, lowering costs on a household and economy-wide level [7,  75]. 
EU had set the energy efficiency as a main goal the energy efficiency in the 
Third Energy Package (Directive 2012/27/EU). The target of achieving 20% energy 
efficiency should be meant by the end of 2020 at all stages of the energy chain, by 
means of policy measures for the reduction in national energy sales, the renovations of 
buildings owned and occupied by central governments, by introducing mandatory 
energy efficiency certificates accompanying the sale and rental of buildings as well as, 
standards and labelling for a variety of products, through the rollout of smart meters. 
Data from Eurostat (January 2021) shows that the primary energy consumption 
was 5.8% above the 2020 targets in 2018, whereas the final energy consumption was 
3.5% above those targets [50]. 
In 2018, as part of the 'Clean energy for all Europeans package', the new 
amending Directive on Energy Efficiency (2018/2002) updated the policy framework to 
2030 and beyond. The key element is an energy efficiency target for 2030 of at least 
32.5%. The directive allows for a possible upward revision in the target in 2023, in case 
of substantial cost reductions due to economic or technological developments. It 
includes an extension to the energy savings obligations in end use and EU countries 
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will have to achieve new energy savings of 0.8% each year of final energy consumption 
for the 2021-2030 period, except for Cyprus and Malta which will have to achieve 
0.24% savings each year instead.  
Other elements in the amended directive are included: stronger rules for 
metering and billing of thermal energy by giving consumers - especially those in multi-
apartment building with collective heating systems – clearer rights to receive 
additional frequent and helpful information on their energy consumption, enabling 
them to better understand and manage their heating bills, requiring MS to have in 
place transparent, publicly available national rules on the allocation of the cost of 
heating, cooling and hot water consumption in multi-apartment and multi-purpose 
buildings with collective systems for such services, monitoring efficiency levels in new 
energy generation capacities, updated primary energy factor (PEF) for electricity 
generation of 2.1 (down from the current 2.5) [21]. 
3.2    Energy performance of buildings 
The building sector is crucial for achieving the EU's energy and environmental goals as 
it can improve the quality of citizens' life while bringing additional benefits to the 
economy and the society. Buildings are responsible for approximately 40% of EU 
energy consumption and 36% of the greenhouse gas emissions. The majority are 
energy inefficient and only about 1% of the building stock is renovated each year. 
Renovation of existing buildings can lead to significant energy savings, reducing the 
EU’s total energy consumption by 5-6% and lowering CO2 emissions by about 5% [22] 
while, at the same time, stimulating the construction industry, an important economic 
sector. The prerequisites had been put with 2 directives in the past (2010/31/EU and 
2012/27/EU), which promoted policies for the achievement of a highly energy efficient 
and decarbonised building stock by 2050 through a stable investment environment.  
Directive 2018/844/EU amending the above Directives, introduces new 
elements based on technological improvements according to which EU countries must 
establish strong long-term renovation strategies, aiming at decarbonising the national 
building stocks by 2050, with indicative milestones for 2030, 2040 and 2050. The 
strategies must set cost-optimal minimum energy performance requirements for new 
buildings, for existing buildings undergoing major renovation and for the replacement 
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or retrofit of building elements, like heating and cooling systems, roofs and walls. All 
new buildings as of 31 December 2020 are required to be nearly zero-energy buildings 
(NZEB) [22].  
A crucial sector in the context of improving the energy efficiency is the heating 
and cooling conditions in buildings and the industry. In EU households, heating and hot 
water alone account for 79% of total final energy used (192.5 Mtoe). According to 
2018 figures from Eurostat, 75% of heating and cooling is still generated from fossil 
fuels while only 19% comes from renewable energy. Advanced construction and design 
techniques and materials are promoted such as smart thermostats, replacement of 
heating and cooling equipment at their natural end-of-life with more advanced 
systems such as biomass boilers and solar heating systems, cogeneration of heat and 
power, simultaneously improving the energy efficiency and reducing emissions 
without the need for expensive grid infrastructure. 
3.3 Energy labelling and Ecodesign 
For enhancing and encouraging the manufacturing of energy efficient products, EU has 
legislated on it for the purpose of the improvement of their environmental 
performance. Directive 2009/125/EC set the first requirements for the reduction of 
carbon footprint of several products and guidelines are revised since then in order to 
include more product groups and to review the existing measures for achieving better 
performance from them. The final purpose is the reduction of emissions along with 
consumers’ savings on their energy bill. The EU legislation on ecodesign is applicable 
on 31 product groups, having considered, also, their treatment after the end of their 
use. In combination with the above mentioned, the revised Regulation (EU) 2017/1369 
updated the energy labelling requirements introducing a clearer distinction between 
energy-efficient product groups sold in EU, therefore making the consumers’ choice 
easier. For better implementation of these rules, companies can create their own 
labels using a range of labelling tools [68].  
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3.4  Electrical mobility 
Electricity as an energy vector for vehicle propulsion offers the possibility to substitute 
oil with a variety of alternative, environmentally friendly energy sources. Electrification 
of transport is a priority of the European Commission as it could ensure security of 
energy supply in combination with the use of renewable energy sources and the 
reduction of pollutant emissions, along with a more quiet and smooth operation. The 
development of electromobility is directly related to the technological optimization 
and market development of batteries as its viability depends on the reliability and 
durability of batteries and super-capacitors. Other closely related matters are the 
reduction of battery weight and volume, safety issues, cost reduction, the 
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4. Climate action, decarbonising the economy 
An ambitious climate policy is at the core of Energy Union Strategy. Europe wants to 
be the front runner as regards the efforts for decarbonizing the economies and fighting 
the Climate Change, striving towards achieving neutrality of CO2 emissions by 2050. 
4.1  EU ambitious Climate policy 
The kickoff for adopting a stricter and more ambitious climate policy was given by the 
Paris Agreement in December 2015 setting out a global framework to reduce the 
impacts of climate change and to support countries in their efforts to minimize the 
consequences of it. In that context, countries have submitted comprehensive national 
climate action plans for the reduction of emissions, recognizing the importance of 
averting, minimizing and addressing losses and damages associated with the adverse 
effects of climate change and setting the grounds for cooperation and enhancement of 
support in different areas such as early warning systems, emergency preparedness and 
risk insurance.  
The agreement on the 2030 climate goal, as enshrined in the “Clean Energy for 
all Europeans’ legislative package concerning the energy framework, calls for an at 
least 40% reduction in domestic greenhouse gas emissions as compared to 1990. 
However, following the recent developments in the European Climate Policy agreed by 
the new Commission has increased the CO2 emissions reduction goal by 2030 to 55% 
as compared to 1990 levels, in compliance with the 2050 CO2-emissions neutrality 
goal. 
The EU legislative toolbox for achieving the above includes the EU Emissions 
Trading System (EU ETS) concerning GHG emissions from the power sector, industry 
and flights within the EU, the so-called “Effort Sharing” setting national targets for 
sectors, such as transport, buildings and agriculture, the boost of energy efficiency and 
the promotion of renewable energy and low-carbon technologies.  
4.1.1 EU Emissions Trading System (EU ETS) 
The EU ETS is a cornerstone of the EU's policy to combat climate change and its key 
tool for reducing GHG emissions in a cost-effective way. It is the world's first major 
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carbon market and remains the largest one. The EU ETS operates in all EU countries 
plus Iceland, Liechtenstein and Norway, limits emissions from more than 11,000 heavy 
energy-using installations (power stations & industrial plants) and airlines operating 
between these countries, covering around 40% of the EU's greenhouse gas emissions 
[76]. 
The EU ETS works on the principle “the polluter pays” in the context of a 'cap 
and trade' market approach. A cap is set on the total amount of certain greenhouse 
gases that can be emitted by installations covered by the system. The cap is reduced 
over time so that total allowed emissions fall. Companies subject to the obligation to 
buy for their CO2 emissions allowances buy them through auctions with the exception 
of companies active in sectors subject to carbon leakage, which either are provided 
with a number of free allowances or are compensated for their indirect costs for the 
emission allowances corresponding to the energy they use. Emission allowances are 
also traded between the so called “carbon market” as needed. The less on the total 
number of allowances available in the market, the higher their market value. Each year 
a company must surrender enough allowances to cover all its emissions, otherwise is 
subject to heavy fines. Any surplus of emissions purchased may be used against future 
needs of the owner or if not sold in the market [24].   
A robust carbon price functions as an incentive for investment in clean, low-
carbon technologies since it counterbalances the additional cost of such technologies. 
Emissions from installations covered by the ETS declined by about 35% between 2005 
and 2019 [25]. Various amendments have been made to it over the time of the 
mechanism in order to better serve its purpose and give the necessary signals for 
emissions reduction. In particular, the latest revision of the relevant legislative 
framework in early 2018, covering the decade 2021 to 2030 provides for a higher pace 
of annual reductions of the cap by 2.2% while the Market Stability Reserve (i.e. the 
mechanism established in 2015 to reduce the surplus of emission allowances in the 
carbon market, thus improving the EU ETS's resilience to future shocks) was reinforced 
by increasing and speeding up withdrawals of any surplus of allowances. The free 
allocation of allowances as a safeguard for the international competitiveness of 
industrial sectors at risk of carbon leakage is continued, ensuring, however, that the 
rules for determining free allocation reflect technological progress, thus providing the 
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industry and the power sector with an incentive to meet the innovation and 
investment challenges of the low-carbon transition, also taking advantage of several 
low-carbon funding mechanisms [25].  
4.1.2 Effort sharing: Member States' emission targets 
The Effort Sharing legislation establishes binding annual GHG emission targets for MS 
for the period 2021–2030 concerning emissions from sectors not included in the EU 
ETS, such as transport, buildings, agriculture and waste. Under the current Regulation, 
the national targets will collectively deliver a reduction of 30% by 2030, as compared 
with 2005 levels and added to the 43% cuts of ETS by 2030, this will allow the EU to 
achieve its climate targets for 2030 [26].  
Based on the principles of fairness, cost-effectiveness and environmental 
integrity, the Regulation sets national targets according to the gross domestic product 
(GDP) per capita across MS. In addition to EU MS, Iceland and Norway have 
implemented it with the same obligations and flexibilities as them. It also allows 
particular MS with national reduction targets significantly above both the Union 
average and their cost-effective reduction potential or did not allocate any EU ETS 
allowances for free to industrial installations in 2013, the choice to use a limited 
amount of ETS allowances for offsetting emissions in the effort sharing sectors in 2021 
to 2030. The Regulation provides for the flexibility necessary to cope with the potential 
annual fluctuations in emissions due to weather or economic conditions in order to 
ensure the cost-effectiveness. Where a MS still does not meet its annual obligation in 
any year, even taking advantage of the flexibilities provided, the shortfall multiplied by 
a factor (1.08) is added to the following year's obligation [26]. 
In the context of Effort Sharing Decision, MS are responsible for national 
policies and measures to limit emissions from the sectors covered by it, resulted in 
becoming more active in considering new measures to reduce emissions in its sectors, 
improving the design of measures, as well as the coordination between national, 
regional and local authorities.  
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4.1.3 Innovation Fund 
The Innovation Fund is one of the world’s largest funding programs aiming to bring to 
the market industrial solutions to decarbonize Europe and support its transition to 
climate neutrality. The goal is to assist businesses invest in clean energy and industry 
to accelerate economic growth, produce local future-proof jobs and reinforce 
European technological leadership on a worldwide scale. The Innovation Fund focuses 
on innovative low-carbon technologies and processes for the energy-intensive 
industries (Picture 9), including the substitution of carbon-intensive raw 
materials/products wherever possible, carbon capture and utilisation (CCU) and 
carbon capture and storage (CCS), technologies as well as innovative renewable energy 
generation and energy storage. Highly innovative technologies and big flagship 
projects within Europe that can bring on significant emission reductions are prioritized, 
based on their effectiveness of GHG emissions reduction, degree of innovation, project 
maturity, scalability and cost efficiency [27]. 
The Innovation Fund is funded through the EU ETS, the revenues from the 
auctioning of 450 million allowances in the period 2020 to 2030 having been allocated 
to it, as well as any unspent funds.  
 
Picture 9: Demonstration of technologies funding from EU [27]. 
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4.1.4 Land-based emissions 
Forests and agricultural lands currently cover more than three-quarters of the EU's 
territory and naturally hold large stocks of carbon, preventing its escape into the 
atmosphere. The differentiation of carbon dioxide (CO2) from the other major GHG 
relevant to the land use sector in that the first one can be stored in large quantities in 
flora, soils and fauna [28].  
Under amended Regulation (EU) 2018/841, EU MS have to ensure that 
accounted greenhouse gas emissions from land use, land use change or forestry are 
balanced by at least an equivalent accounted removal of CO2 from the atmosphere 
through action in the sector in the period 2021 to 2030, known as the “no debit” rule. 
The ambition of this rule is to motivate farmers to develop climate-smart agriculture 
practices and support foresters to turn to the environmental advantages of wood 
products. It provides flexibilities, such as using allocations from the Effort Sharing 
Regulation or transactions of net accounted removals between MS. Also, emissions of 
biomass used in energy will be recorded and accounted towards each MS's 2030 
climate commitments. 
4.2.  Renewable Energy 
Quite 75% of the EU’s GHG emissions derives from energy sector. Increasing the share 
of renewable energy across the different sectors of the economy is therefore a key 
building block to achieving a low-carbon, integrated energy system. 
The exploitation of Renewable Energy Sources (RES) needs to be supported, 
primarily through market-based schemes that ensure cost-effectiveness and avoid 
overcompensation or distortion. That will result in maximization of investments in RES, 
considering the availability of such resources, the technical limitations imposed by the 
grid, public acceptance and the administrative barriers. Also, the development of new 
infrastructure, especially of interconnections, is necessary for lowering the cost of 
integrating renewable electricity into the internal energy market [10]. 
The geomorphological characteristics is a major parameter in view of the 
development of renewable energy project. In that context, countries with many rivers 
should consider promoting hydroelectric power projects, while others with high annual 
sunshine figures might opt for energy generation from photovoltaics. Onshore as well 
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as offshore wind parks are also a remarkable option for renewable generation 
capacity. The creation of Europe's internal energy market creates opportunities for 
countries to work together to exploit these renewable resources using mechanisms in 
the context of achieving and exceeding their targets. It also allows countries with less 
cost-effective renewable energy sources to achieve their targets at a lower cost. 
The contribution of renewables in energy security is especially mentioned as 
their use results in savings in fossil fuel imports. In an integrated market, the 
renewables will be able to participate on equal terms with other energy sources 
reducing primary energy consumption, improving the energy performance of buildings, 
helping in cutting greenhouse gas emissions and improving the air quality. In addition, 
the use of RES contributes to economic growth, creating added value and sustainable 
jobs, also providing citizens with access to affordable and clean energy. 
The developments over time as regards the deployment of the RES and the 
developments in the relevant European legislation are shown in Picture 10. 
Since energy only markets were not able to deliver the desired level of 
penetration of renewables in the EU, at least at the early stages of development of 
Renewable Energy exploitation technologies, investments in RES had been strongly 
subsidized. However, in view of the continuously diminishing construction costs of 
renewables as well as their increasing penetration, the EU legislation provides for 
financial support limited to the extent necessary to ensure the economic viability of 
the projects. Support schemes should be flexible, reflecting falling production costs on 
the way to their gradual removal.  However, retroactive changes to support schemes 
should be avoided as they undermine investor confidence, thus disincentivizing future 
investments. Moreover, limiting support to the minimum necessary levels is expected 
to enhance cooperation mechanisms keeping the costs for consumers at low and 
affordable levels. 
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Picture 10: Timeline for renewable energy in the EU [29].  
On the way to further promoting the penetration of Renewables, the European 
Commission is focusing on the development of new technologies that will help exploit 
the renewable energy potential of Europe. In that context, the development of 
offshore windmill parks in deep waters -potentially combined with on-site conversion 
of the produced electricity to green hydrogen for power transmission purposes- 
energy generation from the ocean waves or streams are some of the innovative 
solutions explored. Increasing the use of biomass, both for the purpose of energy 
supply diversification as well as the reduction of carbon emissions is also promoted, 
however in a sustainable way aiming at supporting economic growth and jobs creation. 
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5. Research, innovation and competitiveness 
A sector, in which the EU heavily invests for accomplishing the ambitious project of 
integration of the energy system and transition to the neutrally environmental-friendly 
economy is that of research and development of innovative and efficient solutions. A 
lot of novelties are explored and are gradually fine-tuned to improve their 
effectiveness. Research and innovation will play a central role in navigating and 
accelerating the necessary transitions, demonstrating and deploying new processes 
while at the same time, engaging citizens. 
5.1  Energy storage  
At every moment, the consumption of electricity must perfectly match generation, a 
balance necessary for the maintenance of a stable and safe supply. Energy storage may 
play an important role in stabilizing fluctuations in demand and supply, allowing excess 
electricity to be saved in large quantities for various time periods, ranging from fast 
storage lasting just fractions of a second to longer storage periods of several days or 
even months. Energy storage has a key role to play in the transition towards a carbon-
neutral economy, by meeting the balancing needs of power grids, especially as regards 
the volatility resulting from the availability of generation capacity from RES. In view of 
the above energy storage is expected to support the penetration of Renewables and 
their integration into electricity systems, safeguarding energy security and creating a 
well-functioning internal market with affordable prices for the consumers [30]. 
A variety of technologies of electricity storage are under development at a fast 
pace and are increasingly becoming more and more competitive in the markets. 
However, there is still a long way to go in view of the significant challenges, both 
technological and commercial. For the time being, pumped hydro storage is the main 
energy storage technology in the EU. As their prices plummet, new battery-storage 
projects are showing-up, lithium-ion batteries representing most of the current 
electrochemical storage projects. The recycling of such systems, as well as their 
effective lifetime, should be strongly taken into consideration. Also, behind-the-meter 
storage is still growing. It is quite heterogeneous, depending on local markets and 
countries: as a new market, it is still driven by political aspects and/or subsidies [30].  
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With electrification set to be one of the main pathways towards 
decarbonization, batteries as storage devices for electricity are anticipated to be one 
of the key enablers of low-carbon economies. Given their capacity to integrate more 
renewables into energy systems and their ability to contribute to the greening of the 
industry and transport sectors, with spillover effects on the electrification on many 
additional sectors, global demand for batteries is expected to grow very rapidly over 
the coming years, making the market for batteries a strategic one. To build up a viable 
battery manufacturing sector in Europe and develop a consolidated technological and 
industrial leadership, research, support by the EU, has been intensified as regards the 
various battery technologies, the strengths and weaknesses of battery-based 
stationary storage, the modes of operation of batteries in the energy system, while, at 
the same time, there is an ongoing debate on the commercial issues concerning the 
integration of battery storage in the grid aiming towards avoiding market distortions. 
In addition, battery related policies in selected MS are analyzed and suggest a non-
exclusive list as well as practices to be avoided [30]. 
 
5.2  EU strategy on energy system integration 
Under “Sector integration”, the inclusion of the various energy carriers - electricity, 
gas, solid and liquid fuels, thermal energy (heat) -within a single market, taking into 
account the technical interchangeability of the energy sources. In that context, 
multiple end-use sectors, such as heating and cooling of buildings, transport and 
industry may be integrated as regards the energy sources used. Linking sectors will 
allow for the optimization of the whole as regards its efficient decarbonization, 
enabling the substitution of GHG-emitting sources with environmentally friendly ones. 
Moreover, sector integration will also promote market integration as regards the 
competition between energy carriers for the interest of the final consumers, facilitated 
by a variety of both existing and emerging technologies, processes and business 
models, such as digitalization, smart grids and meters as well as flexibility markets. 
The electrification of transport is a good example of sector integration. The 
emerging use of electric vehicles is expected to interconnect the transport and power 
sectors, but also the building construction sector while having a heavy impact on other 
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energy sectors such as the oil sector. In particular, the more the transport industry 
switches over to electrical vehicles, the electricity generation and supply industry will 
grow in order to supply the electricity for charging the vehicles while the oil industry 
will shrink. At the same time, the requirement for new charging points in both existing 
and new buildings as well as commercial charging stations will create new business 
opportunities, not to mention that thanks to the possibilities offered by the smart 
meters,  the electricity already stored in the batteries of the vehicles may be re-
injected to the electricity network at times of high demand and/or high prices. 
Several barriers are still preventing the integration of the various energy-
related sectors and networks, that would allow citizens and industry to embrace 
cleaner energy alternatives. The cross-sectoral links in the EU’s current system need to 
become stronger in order to create conditions, enabling and encouraging further 
integration, where different energy carriers can compete on a level playing field and 
take advantage of every opportunity to reduce emissions. Better integration of the 
energy system is the means to achieve cost-effective decarbonization of the EU 
economies. It will build a more flexible, more decentralized and digital energy system, 
in which consumers are empowered to make their energy choices (Picture 11). 
However, the system integration is likely to follow different trajectories in the various 
EU MS, depending on their respective starting points and policy choices [31].  
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Picture 11: The future EU integrated energy system [66]. 
5.3  Hydrogen  
Hydrogen accounts for less than 2% of Europe’s present energy consumption and is 
primarily used as a raw material in the chemical industry, such as plastics and 
fertilizers. Production of hydrogen at an industrial scale is based on the reform of 
natural gas, a process that also results in the release of considerable CO2 quantities, 
equal to those emitted from the combustion of the gas. Hydrogen can also be 
produced by means of electrolysis, a process, which may be climate-friendly, to the 
extent that electricity from renewable sources is used. Although the process is still too 
expensive, it is expected to play a key role in the decarbonization of sectors [32].  
Indeed, electrolytic production of hydrogen may be used in many ways to 
complement and balance the electricity sector, especially following the gradually 
increasing penetration of renewables. Providing a means of long-term and large-scale 
storage of energy, hydrogen may be used to balance the supply and demand of 
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electricity enhancing the flexibility as well as the stability of the electricity networks. 
Plans are also underway to use on-site conversion of electricity to hydrogen generation 
as a means of transporting the power generated from giant, off-shore wind parks to 
mainland Europe, a task that would be extremely difficult through conventional, 
electricity transmission lines (Picture 12).  
 
 
Picture 12: The path towards a European hydrogen eco-system [66]. 
 
Hydrogen is also an important energy carrier in the context of providing heating 
and cooling, an important sector in most EU economies both from a financial as well as 
a climate-change prevention point of view. Hydrogen production is also the first step 
towards the synthesis of climate-friendly fuels, the so-called synfuels. Such fuels, 
having a considerable heating value and very low or zero carbon footprint, might 
replace fossil fuels in the marine transport and the aviation sectors. 
The EU strategy, aiming to create a smarter, more integrated and optimized 
energy system, in which all sectors can fully contribute to decarbonization, enables the 
use of hydrogen, but its key role and its wider scope warrant a specific approach 
combining different paths of action, ranging from research and innovation aiming at 
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the development of cost-efficient production processes at industrial scale to the 
construction of the necessary infrastructure for the transportation of transportation 
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6. Perspectives of Energy Union Strategy 
As already mentioned, the “Energy Union Strategy” project is a very ambitious, long-
term plan, targeting the creation of a European energy market ensuring the availability 
of efficient and affordable energy for all citizens at all times, in parallel with the 
reduction of dependency on imports from third countries and the achievement of 
carbon-neutral economy with net-zero carbon emissions through decarbonization and 
the adoption of alternative and innovative sources.  
A proper governance mechanism is of the utmost importance for the successful 
implementation of the legislation concerning the various paths of action towards the 
energy union and the decarbonization of the economy. The Governance Regulation 
(EU 2018/1999) adopted by the EU and comprising part of the so-called “Clean Energy 
Package” describes the procedures for monitoring progress towards the achievement 
of the targets of the European Energy Strategy as well as for taking corrective action, 
should that be necessary. It sets a reliable and transparent mechanism attempting to 
eliminate the administrative burdens and provide adequate flexibility for MS to design 
their energy policies. It is an important tool ensuring the coherence and the adequacy 
of the policies taken at Union and national levels towards achieving the targets of the 
EU. The communication between the Commission and the states is continuous and 
when deemed necessary recommendations are provided from the Commission that 
must be taken under consideration from the states.  
In view of the particularities concerning the indigenous energy sources as well 
as the current energy mix of each MS, the way to the Energy Union and the net-zero 
carbon emissions will be a challenging one. Unquestionably, decarbonization comes at 
an additional cost that will inevitably affect the energy process and, consequently, the 
affordability of energy for the European citizens. Depending on the starting point of 
each MS as well as the divergent national priorities and perceptions, particularly 
regarding cooperation and interdependence, different energy transition strategies are 
adopted by the various MS. In that context, considerable differences in the speed and 
motivation with which MS pursue the energy transition are to be observed. The 
transition to a carbon-free economy is sometimes considered as a threat to the 
security supply as well to the availability of electricity at affordable prices, leading to 
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operational problems of the grids and unnecessary price volatility, that comes without 
any additional social or employment benefits [64]. 
Natural gas remains a crucial natural energy source affecting future decisions. 
The European production is constantly decreasing resulting in increasing dependence 
on imports. Although natural gas is widely considered as the comparatively-low-
carbon-emissions fossil transitory fuel on the way to carbon neutrality, the European 
policy on the issue seems to be a bit controversial. 
In particular, there is a lot of Projects of Common Interest, generously funded 
and supported by the EU, for the construction of new gas interconnection 
infrastructure with neighboring, gas-producing countries, such as Russia and 
Azerbaijan. Moreover, the LNG terminal network of the Union is reinforced, especially 
in the South-Eastern part of Europe, aiming at the exploitation of recently discovered 
natural gas reserves in the Eastern Mediterranean as well as to increasing the imports 
of cheap shale-gas from North America and especially the United States. In that way, 
the EU is building on the diversification of the natural gas sourcing of the EU as a 
means to secure the adequacy of supply to the continent [60, 70]. 
In parallel, for the interest of the security of gas supply, EU focuses on the 
development of infrastructure for storage, both as LNG and in gaseous form, while the 
European legislation has already set up a solidarity mechanism to secure the gas 
supply to protected customers under supply shortage conditions [54]. 
As opposed to the above, the European Investment Bank (EIB) as well as the 
European Bank for Reconstruction and Development (EBRD) have already excluded 
new natural gas-fired plants from their financing policies as of the end of 2021. In 
much the same way, despite the vast need for investments required in the context of 
the energy transition, the recently adopted EU legislation concerning the 
environmental sustainability of new investments is attempting to set emission limits 
well beyond the technical feasibility limits of natural-gas-fired power plants that are, 
unquestionably, the major source of firm capacity in the new energy markets. 
The achievement of energy security is highly dependent on the integration of 
the energy market. Although the internal electricity market was fully liberalized in 
2007, the implementation of EU directives and regulations has been delayed, at least 
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in MS; as a result, there is still a way to go in view of achieving full markets’ 
integration.  
Although there is no doubt that measures increasing integration of European 
electricity markets are likely to create substantial societal benefits, they also increase 
the potential impact of unilateral policy reforms on neighboring countries; spot prices 
for electricity in one country become increasingly dependent on other single MS’ 
actions [57]. One could reasonably assume that as long as two neighboring countries 
employ similar technologies, the price spread between them should be minimal and, at 
the same time the interconnection capacity congestion should be considerably 
reduced. On the other hand, the benefits of cross-border trade and diversification of 
power generation as well as the probability for congestion are higher when there are 
considerable differences in the generation mix. An additional issue relevant to the 
successful integration of the energy markets is the per capita GDP and, consequently 
the purchasing power of citizens in the various MS, especially those that are already in 
the Eurozone, thus having no possibility for interventions through adjustments of the 
currency exchange rate [59]. 
Market integration is also relevant to the promotion of RES as well. Several MS 
perceive renewable energy as an industrial opportunity that diversifies their energy 
portfolio and, simultaneously, mitigates GHG emissions. Others perceive the efforts as 
a problem that challenges the security of supply, affordable prices for electricity 
triggering grid problems and price volatility. In that context, penetration of renewables 
is closely related to further integration of flexibility sources in the electricity systems 
interconnections and grids that will be capable to offset their volatility. Energy storage 
along with demand-side response are the major tools for that task. As the 
electrification of end-use sectors and the digitization of the operation of the system 
increases, both the above tools are expected to play an increasingly important role in 
the security of supply and the cost-efficient operation of the system, enabling at the 
same time further development of the Renewables. Reduction of the barriers between 
separate sector policies is also expected to contribute, provide alternatives supporting 
the penetration of and, at the same time, competing to renewables, thus improving 
system operation [64]. All the above are also expected to eliminate the need for 
strongly polluting energy sources like domestic -and imported- coal, to which certain 
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EU countries still adhere based on arguments related to self-sufficiency, cost-
effectiveness and social grounds such as the preservation of jobs. Nuclear power is a 
controversial point in the debate within the EU, mainly because of the extremely high 
costs associated with the required investments and their operation, as well as the 
environmental issues of disposal of nuclear waste.  
Resistance to the energy transition and the EU climate policy promoted by the 
EU comes not only from governments but also from multinational energy companies. 
Evidence seem to indicate that fossil fuel companies have been very successful in their 
contact with authorities and dedicate considerable amounts of money to ensure their 
voice is heard ahead of relevant decision-making processes [52]. However, certain 
companies have enshrined the EU climate and decarbonization ambitions, having 
already made a U-turn on their R&D priorities and business plans. Multiple benefits are 
associated with such reorientation, both as regards their competitiveness as first 
entrants in new technologies and markets and, also, from a communication and public 
relations point of view, since they have the privilege to emphasize their 
environmentally friendly profile.    
Retirement of solid-fossil-fueled and nuclear power plants is expected to create 
a tremendous need for investment in new, low-carbon generation capacity. While 
funding such investments, estimated at € 1.8 billion per year, is a problem per se, the 
financial viability of such investments in a so-called “Energy Only Market” (EOM), i.e. in 
which only the energy supplied is paid for, the necessity of Capacity Remuneration 
Mechanisms (CRMs) is another controversial point in the debate. The official EU policy 
calls for the support of new generation capacity through CRMs only in the case of 
identified adequacy problems.  
However, national support schemes for renewables, although considerably 
limited as compared to the past, are still an option, though on a more market-oriented 
basis. Taking advantage of the gradually and considerably shrinking cost of the 
renewables state-aid is currently typically provided as a price premium on top of the 
market price rather than a fixed price. However, the overall state aid framework in 
support of the climate and environmental goals of the EU is under revision and one 
might expect that, to the extent that enhanced support is deemed necessary, more 
flexible and supportive schemes will be introduced.   
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The intermittent nature of RES is also a factor that introduces considerable 
volatility as regards the energy supply and consequently creates a skepticism over 
them. A compromise of these two different strategies could be the solution. As 
cooperation and grid interconnectedness are advanced more, versatile solutions can 
be adopted. For example, when renewable input into the grid is low, then firm power 
plants could provide the power needed and, vice versa, when renewable resources are 
abundant, the fossil fuels burning plants could be switched off. 
Renewables also are promoted for serving the purpose of energy efficiency, 
especially in sectors like heating and transport, where the penetration of renewables is 
still too low as compared to the electricity sector [2]. Growing energy consumption in 
road and air transport had been the most important drivers for the shortfall in the EU’s 
energy efficiency target for 2020 [62]. 
A major problem towards decarbonizing the economy seems to be that, 
introducing regulatory measurable obligations cannot be readily applied to the supply 
and use of energy in the same way as for electricity in other sectors such as the 
heating sector is concerned. The use of renewable fuels of biological origin is a 
potentially viable solution for those sectors, offering a solution to environmental and 
sustainability problems. Despite having doubled bioenergy use in the heat sector, it is 
still a large consumption of fossil fuels due to the comparatively low volumes and high 
costs of production of such fuels, those being the major issues that have to be 
overcome. An additional issue concerns the sustainability of bioenergy to the extent 
that it is not produced from waste; huge amounts of crops are needed to cover the 
demand, thus reducing the land available for production of food. There is also an 
argument that the combustion of biomass also emits emissions, however, one may 
reasonably claim that such emissions are counterbalanced by the amounts of CO2 
captured through photosynthesis during the growth of biomass. In any case, biofuels 
and biomethane should be considered as a major candidate for a sustainable 
substitution fuel to be used in the transport sector, especially long-range or heavy-load 
transports [2, 62].  
Further, as regards the transport sector, while intra-EU aviation has just started 
paying their share for the greenhouse emissions, the rail and road transport are still to 
be covered under EU-ETS.  
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As concerns the industry, several sectors that are at risk of carbon leakage are 
provided with either free emission allowances or indirect compensation for the cost of 
emissions. Such policies are also under debate since they have resulted in less-than-
expected reductions of emissions. An alternative approach concerning the so-called 
“Border Carbon Adjustment”, applicable to all products originating in countries outside 
the ETS system is considered in order to counterbalance the competitive advantage of 
such products against the European ones, thus alleviating the necessity for free 
allowances or compensation.  
As regards boosting the energy efficiency, several measures are proposed like 
raising the applicable standards, strengthening market-based instruments, boosting 
opportunities offered by digitalization and electrification.  
An obvious question raised by the increase in the efficiency target as well as the 
increasing penetration of renewables is what the knock-on effect on the carbon price 
in the ETS system they will have because of the diminishing demand. Certain proposals 
are calling for an acceleration of withdrawal of allowances depending on the reduction 
in demand as a result of the above factors in order to maintain a strong carbon price, 
acting as the enable to switching to low carbon technologies. 
In that context, the European Commission is considering the opportunity of 
strengthening the carbon price signal under both the non-ETS and the EU ETS to 
incentivize innovation in low-carbon industrial development, including transport and 
building sectors. National taxation as an additional factor reflective of climate 
objectives, improving green budgeting and fiscal reforms and aligning EU-wide energy 
taxation rules to carbon content and air quality standards in line with climate and air 
pollution objectives, is also under consideration. However, caution should be exerted 
to avoid undesirable side-effects of overreaction to the need for decarbonization. [62]. 
An additional that should not be overlooked and underestimated is Brexit. The 
divorce of the United Kingdom and the EU has many effects in terms of structural and 
financial dimensions to the progress of the European Union Strategy plan. UK 
withdrawal will reduce the members of the European Parliament giving space to 
Poland to take a more enhanced role in the decision-making process, a fact that slows 
down the pace of developments towards the green transition. Also, UK was a net 
contributor to the EU budget, therefore a lot of financing is not any longer available 
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and a lot of important projects will have to be postponed while maybe some smaller 
ones will have to be canceled. It depends on what is going to be given priority and how 
the energy matters and the environment are going to be affected. Brexit could put the 
EU efforts to reduce carbon emissions at risk as the EU ETS funding is going to suffer. 
The development of interconnections with the UK might also slow down since the rest 
EU members will care for enforcing the connectivity between them. Being optimistic, 
some experts claim that the EU will improve its renewable energy outlook even 
without the UK since the country is far behind its targets for 2020 whilst other member 
states are making significant progress [52, 2]. 
The latest development on Energy Union is the decision of the European 
Commission (December 2020) which sets a more ambitious target of GHG emissions 
reducing them by at least 55% by 2030, instead of 40%, compared to 1990 levels, in 
order to achieve neutral economy by 2050. A study of the necessary measures to be 
taken is conducted nowadays in order to specify the extent of the goal revision in all 
the interrelated dimensions, including an increase in energy efficiency and energy from 
renewable sources and reduction of fuel imports and energy from fossil-fuels plants. 
The new plan would require major revisions concerning the directives and regulations 
involved giving priority to energy and transport sectors for the promotion of 
renovation of buildings and the electromobility, whether huge investments will be 
needed to support countries with a higher dependency on fossil fuel in order to 
accelerate their transition to a green economy.  
This analysis has been presented in order to reveal the correlation between the 
five dimensions of the Energy Union Strategy and in what ways failure in one project 
could affect the other targets. From my point of view, the whole project is very difficult 
to be accomplished as it has been envisaged and planned. As long as the planning of 
the individual actions lies with the MS, the economic and social reasons and fear of 
political repercussions will prevail and make governments more pragmatic despite 
their good intentions for following an ultimate path of the green transition. The energy 
policies and the Directives established by the Commission play their role as the 
guidance for fulfilling the vision of EU, but I think that for this project to be successful 
more willingness and decisive moves are needed. Monitoring and control must be very 
close and tight, and the objectives need to be more binding. The Commission must be 
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more resilient to financial interests and not give up for the sake of financing and the 
interests of multinational companies. Also, it must be more flexible in dealing with the 
numerous issues that will inevitably arise and consider the peculiarities, difficulties and 
needs of each MS since apparently a solution of the “one size fits all” solution does not 
exist. A balanced consideration of the interests of all MS is also necessary since 
unjustifiable adherence to the interests and views of the more powerful countries 
would most probably backfire against their own interests. Finally, an agenda 
prioritizing solidarity between MS is absolutely necessary to support the coherence of 
the Union, minimizing centrifugal effects and maximizing the influence of the Union at 
a Global State.  
Last but not least, the EU should strengthen its political influence towards third 
countries, in an effort to align the efforts against climate change at a global level, thus 
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Conclusions 
In 2015, after the implementation of three previous attempts to create a common 
energy strategy, the Commission adopted the “Energy Union Strategy” with a time 
horizon of 2030, a very ambitious project with a forward-looking climate policy at its 
core, aiming to achieve a net-zero emission economy by 2050, focused on five 
correlated and interdependent dimensions: the energy security, the integrated energy 
market, the energy efficiency, the decarbonization and the spreading of renewables 
and funding the innovation and research on clean energy technologies. The key targets 
for 2030, initially set for an at least 40% reduction of the greenhouse gas emissions as 
compared to the 1990 levels, through reaching at least a 32% share for renewable 
energy and achieving at least 32.5% improvement in energy efficiency are, once again 
under revision in view of securing their compatibility with the 2050 goals.   
In the context of the above, the majority of the directives and regulations 
comprising the so-called “clean energy package” are subject to review and potential 
revision. The main objective is to align action across the EU for securing energy 
availability at affordable prices and, at the same time, net-zero GHG emissions. A 
unique energy market across the EU as well as the solidarity between Member States 
are also among the pillars of such revision, which, however, is subject to considerable 
criticism and opposition from several MS, NGOs and other stakeholders.  
The ultimate goal of the EU should be the achievement of unanimity as regards 
the acceptance of the policies to be finally adopted. This is the only way to secure a 
fast and reliable path towards the achievement of the goals set by the EU both as 
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